Theoretical investigation on reaction of sulbactam with wild-type SHV-1 β-lactamase: acylation, tautomerization, and deacylation.
Molecular dynamics (MD) simulation and quantum mechanical (QM) calculations were used to investigate the reaction mechanism of sulbactam with class A wild-type SHV-1 β-lactamase including acylation, tautomerization, and deacylation. Five different sulbactam-enzyme configurations were investigated by MD simulations. In the acylation step, we found that Glu166 cannot activate Ser70 directly for attacking on the carbonyl carbon, and Lys73 would participate in the reaction acting as a relay. Additionally, we found that sulbactam carboxyl can also act as a general base. QM calculations were performed on the formation mechanism of linear intermediates. We suggest that both imine and trans-enamine intermediates can be obtained in the opening of a five-membered thiazolidine ring. By MD simulation, we found that imine intermediate can exist in two conformations, which can generate subsequent trans- and cis-enamine intermediates, respectively. The QM calculations revealed that trans-enamine intermediate is much more stable than other intermediates. The deacylation mechanism of three linear intermediates (imine, trans-enamine, cis-enamine) was investigated separately. It is remarkably noted that, in cis-enamine intermediate, Glu166 cannot activate water for attacking on the carbonyl carbon directly. This leads to a decreasing of the deacylation rate of cis-enamine. These findings will be potentially useful in the development of new inhibitors.